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The effects of weather on military operations are well documented in history and must be considered
in nea Zy ever,. .spect of military planning and execution. A readily available source of regional weather
and climatic information has been shown to be a "must" for military planners.

A traditional source of such data has been Section 23 of the National Intelligence Survey (NIS),
published from 1950 to 1972. Section 23-of the NIS, titled "Weather and Climate," has been a traditional
planning standby as a source for worldwide climatic data, especially for areas of the world in which
weather observations and climatic records were scarce. Since the NIS data are deficient in some ways and
obsolete in others, the need for a new regional climatic data source has become obvious.

This technical note, which describes Central American climatology in some detail, is intended to
fill that need by updating and supplementing the NIS Section 23 information (published in 1969) for that
region. The first consideration in developing this document was to provide planners with more and better

climatological data relevant to present and future operations. It includes new contoured analysis charts
that display ceiling, sky cover, visibility, relative humidity, temperature, and precipitation patterns
(current and operationally significant categories have been added where suitable). Also included are
expanded paradrop tables, upper air charts, a heat stress index, discussions of diurnal and seasonal
variations, and cloud-free-line-of-sight (CFLOS) tables. Information is presented as follows:

Chapters 1 through 4 familiarize the reader with Central American geography, topography, major

synoptic features, and the most significant climatological patterns for the region.

Appendix A provides contoured surface and upper air charts to help readers visualize and understand
the spatial distribution of the most significant Central American climatological features.

Appendix 3 provides climatological tables that offer more detail on the climatic variables discussed

in the rest of the document. These tables wfill help readers who need detailed (site specific)
information, or who need to produce specialized analyses of their own.

This report, as presented, will not satisfy all planning data-needs. It may be necessary to consult
a staff weather officer, USAFETAC, or another data source for more specific or detailed information.

The author would like to express his appreciation and thanks to the many people throughout USAFETAC
who contributed their time and effort to this project, and without whom this technical note could not have
been accomplished. Special thanks to Messrs. V.B. Gibbs, R.L. Rodney, and H.M. Fountain, who lent their
expertise and experience to the project ane should be recognized as contributing authors. Thanks are also
due Mrs. D. Norton for preparing the extersive data tables.
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CHAPTER 1

, - Central American Geography

1.1 Introduction. Central America is technically a northwest to southeast isthmus that connects
southern Mexico and the Yucatan Peninsula to Colombia. It is, made up of the countries of Belize (formerly
British Honduras), Guatemala, El Salvador, Honduras, Nicaragua, Costa Rica, and Panama. Central America
lies between 7 and 19 degrees north latitude, and between 77 and 93 degrees west longitude. The Caribbean
Sea is on the east, the Pacific Ocean on the west.
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rg _ _Figure 1-1 The Countries of Central America.

1.2 Terrain. Central American terrain can be generally described as a series of rugged mountain
ranges separated by valleys. There are two exceptions to this pattern. The first is in Belize and
northern Guatemala, where the highest elevations are below 4,000 feet and most of the area consists of
lowlands and coastal plains. The second exception to the mountain-valley pattern is the region made up of
the Caribbean coastal plains and the lowlands of eastern Honduras, Nicaragua, and Costa Rica. This region
extends inland as much as 50 to 100 miles in parts of Honduras and Nicaragua, and extends through northern
Costa Rica to Lago de Nicaragua, Nicaragua. The remaining coastal regions give way rapidly to mountain.

ranges, which in many areas extend right down to the shoreline.

On the Pacific side of Guatemala, a narrow coastal plain rises quickly to mountain peaks that
41... approach 14,000 feet within 25 to 50 miles of the coast. Numerous peaks on Guatemala's Pacific side and

. . down the mountainous spine through central Costa Rica and western Panama exceed 10,000 feet. These
terrain variations have a profound effect on the region's climate. Coastal and lowland areas, for
example, are subject to flooding during the wet season and after any period of heavy rain. Rain forests

..... ,
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and jungles can become impassable quickly. Een in the higher elevations, mountainous areas are subject
to mudslides during heavi rains, and valleys may flood. These mountain ranges also serve as effective
barriers to some weather elements. For example, large climatological decreases in precipitation over very
short distances are common, especially from- the windward' sides of mountain ranges to the leeward valleys
and beyond. Most population centers are -on the sides of mountiins and in the interior valleys where,
because of the elevation an& sheltered location, the climate is cooler, drier, and better suited to -humanhabitation.

An6ther Important Central American feature is -its volcanic activity. There are numerous volcanoes
along the Pacific side (all associated with the-well known "Ring of Fire") and down 'the mountainous spine
through central Costa Rida and western Panama. Many of these volcanoes are active,including Alatenango,
in Guatemala, Santa Ana in El Salvador, and Irazu in Costa Rica. During the past 20 years, there have
been numerous recorded eruptions and other volcanic disturbances in Guatemala, El Salvador, Nicaragua, andCosta Rica.

1.3 Time Zones. Central America lies across two time zones. Panama is minus 5 hours GMT to LST.
The rest of Central America is minus 6 hours GMT to LST. See Figure 1-1.
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CHAPTER 2

Major Synoptic Features

2.1 The Equatorial Trough. The equatorial low pressure trough (also called the Intertropical
Convergence Zone, or ITCZ) is an area of surface convergence near the equator between the northern and
jnuthern hemispheres' subtropical highs. The location, strength, and meanderings of the equatorial trough
and Lhc subtropical highs have a tremendous influence on, and are major controlling factors of, Central
American weacner. This band of low pressure also serves as the "meteorological equator," or the boundary
between the northern and southern hemispheres' general circulation and pressure patterns.

Figure 2-1 shows the mean position of the equatorial trough by month. During the winter, or dry
season, the equatorial trough moves southward, away from Central America, in conjunction with the
strengthening and southward extension of the Atlantic subtropical high. From early spring through fall,
the opposite effect is seen as the equatorial trough moves northward into Central America. This, of
course, is a simplistic view. Year-to-veac variations are influenced by numerous, often unexplained,
anomalies such as the change in ocean surface temperatures related to the "El Nino" (unusually warm sea
surface temperatures off the western coasts of South and Central America). 'Anomalies aside, the
equatorial trough is probably the single most dominant synoptic feature affecting Central America.

JAN FER MAR
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Figure 2-1 Equatorial Trough and Surface Wind Flow.
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When a more detailed analysis is required, the general term "equatorial trough" is often replaced by

either "monsoon trough" or "trade wind trough," depending on the circulation pattern. The monsoon trough,
with easterly trades to its north and westerlies to its south, prevails in Central America from mid-spring ,$

through late fall. To the south of the monsoon trough is an area of extensive cloudiness and strong j>.
convective activity. During the rest of the year, the easterly trades of both hemispheres converge to
establish the trade-wind trough. The resulting vertical shear between the low-level easterlies and upper-
level westerlies provides an effective mechanism for capping convective growth during the winter months.
See Figure 2-1 and Charts A-48 through A-67.

2.2 Trade Winds. The northeasterly trades lie between the equatorial low pressure trough and the
northern hemisphere subtropical high pressure belt. They are the most consistent and persistent winds in

that region, averaging 7-9 knots year round. Figure 2-1 shows the generalized flow of the trades, which
are east-northeasterly most of the year over most of the region. Areas south of the equatorial trough are
dominated by the southern hemispheric southeasterly trades. During the northern hemisphere summer (July-

September), a buffer zone of westerlies lies between the equatorial trough and the southern hemispheric
southeasterly trades. These westerlies meet the northeasterly trades in the equatorial (monsoon) trough,
setting up the strong convergence zone associated with the trough in mid- to late summer.

Figure 2-2 shows selected soundings for the two months chosen as extreme examples: March (dry) and
October (wet). Except for the low-level trade wind inversion in March, the temperature profiles are very
similar. The dew point profiles, however, show the very strong dry layer between the 600 and 800 millibar
levels in March that is not present during October. This shows that the most important elements in a
tropical sounding are the vertical distributions and time changes of moisture. Vertical temperature
profiles show little daily change from the mean profiles. In the example, the March sounding shows the
trade wind inversion that acts as a drying cap to vertical development of precipitation. The October, or

wet season, sounding shows an increase in low-level moisture accompanying the change in low-level wind
direction and speed. Many of the criteria used to analyze mid-latitude soundings are of limited value in
tropical analysis because of the consistency of day-to-day values. In tropical maritime climates,
tropopause heights, condensation, and free convection levels show almost no daily variation because of the
uniformity of temperature and moisture. Similiarly, stability indices have limited use in Central
America. By season, thetropical atmosphere is very uniform. Therefore, the daily change in moisture and
the vertical wind profiles are the elements to watch. See Charts A-48 through A-67.

S.% % sQ.
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Fi~gure 2-2 Atm=ospheric ]Profiles of Temperature and Dew Point
for Ma~rch (Dry) and October (Wet) at San Jose, Costa ica.

2.3 Storm System.

2.3.1 &-irricanes and Tropical Storms. The hurricane is the most destructive storm system known.
Typical accompaniments to these storms are widespread flooding, storm surges, strong winds, and
occasionally, tornadoes. Most Atlantic storms develop off the west coast of Africa in easterly waves or
in disturbances moving out of the equatorial trough and away from the equator. Some Atlantic storms then
move westward into the Caribbean Sea and to Central America. Other storms form in the Caribbean east of
Nicaragua and north of Panama, moving north or northwest. Pacific hurricanes form west of El Salvador &nd
Guatemala, but generally move north-northwest away from Central America. Hurricanes are rarely seen
within 9 degrees of the equator.17
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Figure 2-3 gives shows the number of hurricanes and tropical storms over Central America, based on
counts of occurrences within 60 nautical miles. Data are for years 1871 through 1980. Major storm tracks

-.. are shown by arrows. Areas primarily affected are the Nicaraguan coast, the Honduran coast from Trujillo
"--: eastward, and all of Belize and northern Guatemala. Table 2-1 shows the number of hurricanes and- tropical
- storms that make landfall in each of the Cntral American countries. Although a number of 'other storms

have passed close enough -to the Caribbean coast to have affected coastal and lowland areas, they have not

been included in Table 2-1. As the table shows, September and October are the most active months -even
though the storm season runs from May through December.

90 "851 80.
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Figure 2-3 Iaber of Ikirricases/Tropical Storm Within 60 N
(solid' lime) and General Direction of. Movement (dashed arrows).,

i' ,  
TAIL! 2-1 Number of 1rricanes/Tropical Storms

(Depressions) Making Landf all by Country, 1871-1980.

.,, elize 0/0T 0/47 3/ 0/4T 8/ 3/5 i 0-70
Guatemala 0/0 0/3 I/1 0/4 4/6 2/5 0/1 0/0

>r_ Honduras 0/1 1/3 2/1 0/0 3/5 2/2 0/3 0/0
.: El Salvador 0/0 0/1 0/0 0/0 0/2 0/0 0/0 0/0; ,Ni caragu a 0/i 1/1 1/0 0/0 3/4 4/1 0/4 0/0
. Costa Rica 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/1

Panama 0/0 0/0 0/0 ("10 0/0 0/0 0/1 0/0

• Note: Storms making landfall on offshore islands or possessions are omitted from the count. Although
" Table 2-1 gives storm count by country, several individual storms crossed two or npre countries and were
; counted that way. Note that Belize has recorded only 15 hurricanes and 23 storms of lesser strength in
, , 110 years. Tropical storms invade Belize only about once every 3 years, and affect the other ce-itral
:;.' " American countries even less frequently.

',,2.3.2 thrthers. Northers ar actually the traling ends of shear lines that result from strong
North American (continental) polar outbreaks. They occur from late December through March, and primarily

". . affect Belize, northern Guatemala, and Honduras. However, the cooler, drier air behind a strong front can
"' sometimes reach as far south as western Panama. These outbreaks modify the "dry season," bringing winter .
• ..¢ precipitation to Belize and northern Honduras (See Figure 3-1) and causing the relatively lower mean
_ temperatures along northern coastal regions (See Table B-3).t'

|. t'./.Q 2.3.3 Tem~orals. When the tropical upper tropospheric trough CTUTT), usually seen as a weak trough
/ at the 200-300 millibar level, establishes itself northeast to southwest from Cuba to Central America,

5Toi
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pressure c-p.ers act as cool core- systems when compared to the warm, weak ridges on either side of the
TUTT. "Temporals" are slow-moving depressions (similar to tropical depressions) that appear to form in,
or move out of, the equatorial trough in the Pacific and move slowly up the west coast of Central
America. These storms are- large areas of stratiform cloudiness with steady rain. Because of their slow
motion and steady rainfall, they can cause flooding and mudslides along the Pacific coast and in- the
coastal mountain ranges. Although temporals do not always bring the thunderstorm activity common to
hurricanes and tropical storms, these stratiform cloud systems can occasionally conceal Imbe-dded
thunderstorms (See Figures 2-3 and 3-1, Tables 2-1 and B-3).

2.4 Upper Air Circulation. Figures 2-4 and 2-5 are vertical cross-sections of mean zonal winds
(surface to 100 millibars) for January and July, and for April and October, respectively. Light easterly
winds (10 knots or less) dominate throughout the year from surface to between 400 and 500 millibars. From
there up to 100 millibars. "..nds are generally iesterly from December to- June, and easterly the rest of
the year. Westerly winds are strongest, reaching mean maximum speeds -of 30 knots between 150 and 200
millibars. Easterly winds 'are alu ys light, and usually less than 10 knots.

Stratospheric winds are dominated by the "quasi-biennial oscillation" that refults in a direction
reversel about every 11 to 15 months. Areas of maximum speed originate at abouL 30 millibars (25
kilometers) and descend about 1 kilometer a month until they near the tropopause. Periods of easterly
winds are strongest, with mean speeds reaching 40 knots and maximum speeds from 70 to 80 knots. Periods
of westerly winds arc generally only half that strong. See Charts A-48 through A-67.

P'~.200

30 3 300

2 0._ _ . , .00

0100

- - I 1 :00

oI s

Ise0

so- 10
IISO

-40.

*1 

0

20. 10 ";

9 100 SV 08*00

Figure 2-4 Mean Zonal Winds for Upper Air Vertical Cross
Sections Along Line Al for January and July. Speeds in knots.

"16

%I N... s .~t~*\~~
5

% %,



100

.7.

-7" 
250.,,

.20.4

'100

.100

450

ais -

500

490.0- I?.5 I.0* 586 00.0 "0

Figure 2-5 Mean Zonal Winds for Upper AAtr Vertical cross
Sections Along Line AB f or April and Octolx r. Speeds In knots.,

7

-N*~ .



CHAPTKR 3

r .. Weather Phenomena

'( N$

3.1 Precipitation. Precipitation is often considered the single most significant weather element
in Central America; not surprising, considering that the region is a relatively narrow tropical isthmus
with the Caribbean Sea on the east and the warm Pacific on the west. Free from the influences of a large
continental landmass, Central American precipitation becomes primarily a function of wind direction and
station elevation. Only rarely is a mid-latitude frontal system strong enough to push this far south.
Occasionally a major polar outbreak, or "norther," ( See Para 2.3.2) pushes a frontal system across the
Gulf of Mexico south of Cuba to influence Central America's winter weather. When it does, it usually
brings rain and gusty winds to the Caribbean coastal areas of Belize, Honduras, and Nicaragua. After
these rare frontal passages, the mild tropical winter, or "dry season" returns. Frontal regimes, however,
are of little significance when compared to the prevailing onshore flow that accompanies the long and wet
summer season.

All of Central America is under the influence of maritime air masses. The persistent northeast
trades, although shallow, are heavily laden with moisture. This moisture is generally released along
Caribbean coastal areas, particularly where terrain influence plays a major role in precipitation
patterns. The best example of this kind of heavy rainfall is along the Caribbean coasts of Costa Rica,
Panama, and Nicaragua. See Chart A-3, MeanAnnual Precipitation.

Along the Caribbean coast, the wet season normally starts in May and ends in November. The
subtropical ridge builds in the Atlantic, shifting northward to follow the sun. Along with this northerly
shift, the equatorial (monsoon) trough moves northward to dominate the summer weather pattern and signal
the start of the wet season (See Figure 2-1 for the mean position of the equatorial trough). Many
stations show double maxima for precipitation amounts. The first maximum is normally in June, at the
beginning of the wet season, while the second is in November, near the end of the wet season. lnagua,
Nicaragua, for example, clearly shows these dual June-October maxima. See Figure 3-1.

June through October is the normal wet season throughout Central America, and January through April
the normal dry season. However, since the annual rainfall is more than 150 inches, with considerable
variation, the terms "wet" and "dry" become relative. Bluefields, Nicaragua, is a prime example. This

. " station, on the Caribbean coast, gets large amounts of rain from May through December, with some months in
. .. excess of 20 inches and all wet season months in excess of 10 inches. But even during Bluefields' short

"dry" season (February through April), the monthly average is more than 3.5 inches. The moist trades,
releasing their moisture as they move over Nicaraguan and Costa Rican coastal areas, give this area its
exceptionally heavy rainfall amounts. See Charts A-i, A-2, and A-3.

In the rugged mountain terrain of western Guatemala, some of the driest and wettest locations are
found, sometimes only miles apart. The Sierra Madre Mountains block moist air coming off the Pacific. As
a result, these mountains, several with peaks over 12,000 feet, get some of the highest rainfall amounts
in Central America (more than 120 inches a year) on their lower windward slopes. There is little rain at
elevations above 8,000 feet and in the interior valleys. As an example, San Rafael, Guatemala, at 2,164
feet on the windward slopes, gets more than 150 inches of rain a year. Nearby Agua Blanca, at 2,919 feet
but in an interior valley, gets less than 30 inches. Seasons are different, too. Lower windward slopes
have a long wet season: May through October, with dual maxima in June and September. In contrast,
interior regions receive nearly all their rainfall from June through September, with no strong maxima (See
Figure 3-1). As can be seen on Chart A-3, this interior region of Guatemala, as well as the southern
Honduran and northern Nicaraguan mountain interiors, are the driest areas in Central AMerica, averaging
only about 30 to 40 inches a year. While an annual rainfall of 40 inches is not ordinarily considered
"dry," when nearby areas get two to four times that amount, the relative dryness is noteworthy.

With the freezing level almost always above 15,000 feet, snow in Central America is rare except for
an occasional snowfall on the higher mountain peaks. Hail is almost never seen. See Figure 3-1; Charts L
A-1, A-2, and A-3; Tables B-i and B-2.
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3.2 fsyerometrics.

i3 - 3.2.1 Temperature. Figure 3-2 shows mean monthly temperatures. Even though Central America is in L
S -- the tropics, there are some large temperature variations due to elevation. Mean temperatures at Managua,

elevation 160 feet, are 10 degrees warmer than at San Jose, with an elevation greater than 3,200 feet.
Also, diurnal and annual variations at the higher elevations are greater than those variations at sea

level. The persistently warm temperatures and high humidities of Central America are largely due to the
proximity of the warm tropical waters of the Caribbean sea and Pacific Ocean, both with consistently warm

sea surface temperatures throughout the year. For example, La Ceiba, Honduras, has only a 5 to 6 degree
annual variation in sea surface temperature (See Figure 3-3). Afternoon temperatures on both coasts are
modified only slightly by sea breezes.
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Figure 3-3 Sea Surface Temperatures (degree. 7), La Ceiba, Ronduras.

Temperatures in the lower elevations of Central America," especially in the southern half, are

uniformly warm, with little annual or diurnal change. However, temperatures at higher elevations in the
interior are more like those at higher latitudes, with warm afternoons and cool evenings. In the
interior, dry season mean diurnal temperature changes are often two or three times the annual range.
Temperature ranges are definitely dependent on elevation, as shown in.Table 3-I.

TAILI 3-1 Temperature Change with Elevation.

Elevation Mean Temperature
Daytime Max Nighttime Low

Below 3,000 feet 80-90'F 60-70'F

3,000 to 5,000 feet 70-80°F 50-60cF
5,000 to 10,000 feet 60-70OF 40-500F
Above 10,000 feet 50-60OF 30-40OF

Cold fronts strong enough to modify temperatures reach Central America only occasionally. When they

do, they almost always dissipate before reaching the southern regions. These fronts are often referred to
*" as "Northers," or "Norte" (See Para 2.3.2).

The warmest temperatures occur near the end of the dry seasou,

except in the lowlands of the southernmost parts of Central America, as
where mean temperatures are relatively warm throughout the year de- so
spite seasonal rainfall changes.

75
Elevation, solar angle, cloud cover, and frontal passage from

the north are all factors that control temperature. For example, 70
the cloudy skies over most of the Pacific coast and much of the in-
terior contribute to the lower mean maximum temperatures experienced 65

in these areas.

Another important aspect of tropical climate is the diurnal Go REIATIME HIIDI'IY

variation in mean values of temperature, dew point, and relative
humidity (See Figure 3-4). There is very little diurnal variation 90
of mean dew point even with a variation in relative humidity. The
daily relative humidity cycle is not caused by changes in moisture, 85
but by changes in temperature that determine the amount of moisture
the air can hold. 8o

75

70

Figure 3-4 Mean Relative umidity, Temperature, DEW POW
and Dew Point for Howard AFB, Panama, for April

(The Warmest Month).
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3.2.2 Relative Hmidity. Central America sees high relative humidities all year long. In
combination with warm temperatures and typically light winds, these high humidities make for oppressive
conditions in the lower elevations. Some local and seasonal variations in relative humidity are shown

S- graphically in Figure 3-5. The Caribbean coast's high year-long humidities are primarily due to strong
onshore trade winds. The Pacific coast and most of the interior regions, however, show more seasonal
variation because of the more sharply defined wet and dry seasons. Maximum relative, humidities of 80 to-
90 percent are common during the early morning hours throughout Central America. There is more variation
of minimum relative humidity in the afternoon, with values of 60 to 70 percent common along the east coast
and in much of Panama during the January-April dry season, and 70 to 80 percent in the June-October wet

season. Throughout the interior aud on the northern Pacific coast, afternoon humidities are much less
oppressive, with gteater seasonal variation. During the wet season, they range from 50 to 70 percent,
while during the dry season generally from 40 to 60 percent. Even with lower afternoon humidities, warmer

temperatures increase human discomfort, especially in lowland areas sheltered from onshore winds. The
only sanctuary from humidity is elevation, with conditions above the 4,000 foot level much more

comfortable.

3.2.3 Human Comfort. Although temperature and humidity are the most important elements that
influence human comfort in the tropics, other factors include wind, insolation, barometric pressure,

clothing, physical activity, and physical condition. In consideration of these influences, researchers
have developed a temperature-humidity index to provide an "apparent temperature," or an estimate of what a

given temperature "feels like" at various relative humidities. Table 3-2 gives apparent temperature as a
function of ambient air temperature and relative humidity. It assumes a wind speed of 5.6 miles per hour,
pressure of 29.92 inches, and shade. Apparent temperatures may be used to indicate the heat stress likely
to be experienced at different levels of physical activity, as shown in Table 3-3. Note that the degree
of heat stress may vary with age, physical characteristics, and physiological condition.

TABLE 3-2 Apparent Temperature as a function of Air Temperature and Relative Humidity.

RELATIVE HUMIDITY (%).
0 S 10 15 20 26 30 35 40 45 50 50 60 65 70 75 80 85 90 95 100

140 125

. 13S 120 128 1 1

o_0 _ -- APPARENT
0 135 117 112 131 141 TEMPERATURE

Ce1010 7 111 116 123 13 1 3 141 0 3 10 7 111 115 1 20 1 27 3 !43 T E151

110 99 102 105 108 112 117 123 130 137 143 150
W, 105 95 97 100 102 105 109 113 118 123 129 135 142 149
Ll 100 91 93 95 97 99 101 104 10 110 1151 20 12b 132 138 144

95 87 08 90 91 93 94 96 98 101 104 107 1110 114 119 124 130 136
-90 _3 84 85 8.1 7 88 90 91 93 9b 96 9 100 0102109109 113 117 122

85 As87oat812 834 8586 $ 89 S9193 59790210610 0
0 73 75 76 77 77 78 79 79 80 8! 81 82 83 86 86 86 87 08 39 91

__ j_ 

__ __ _ _

97 6 69 70 71 72 72 73 73 74 74 7575 76 77 77 78 78 79 79 80
70 64 61 6 66 66 67 67 68 68 69 69 70 70 701  70 71 L 71 71 7

TABLE 3-3 General Heat Stress Index.

Apparent Temperature Danger Category Effects

80-90w Caution Fatigue ,ssible with prolonged exposure and
physica. ctivity.

90-105°F Extreme Caution Sunstroke, heat cramps, and heat exhaustion
possible with prolonged exposure and physical
activity.

105-130OF Danger Sunstroke, heat cramps, and heat exhaustion
likely. Heatstroke possible with prolonged

exposure and physical activity.

>1300 F Extreme Danger Heatstroke or sunstroke imminent.
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3.A Cloudiness.

3.3.1 General. Since cloudiness is strongly subject to local terrain features, it is difficult to
~, discuss it in general terms. On the large scale, cloud cover correlates well with precipitation patterns,
' but specific locations may deviate significantly from the general situation. Away from the equatorial

trough, there is much greater cloudiness over the Central American landmass than- over adjacent waters.
This results from orographic lifting of moisture-laden air carried in by on-shore trade winds and sea
breezes. As a consequence, cumuliform clouds are predominant, with altocumulus, altostratus, and cirrus
often resulting from the spreading of cumulonimbus tops during the wet season. During the dry season, the
trade wind inversion restricts convective activity and fair weather cumulus abounds. Some stratiform
clouds shroud the higher mountain. peaks and are common in the valleys, where calm winds and cooler
nighttime temperatures prevail.

Because of the predominance of the northeasterly trades, it is cloudier on the Caribbean side of the

isthmus from Nicaragua north. There is little variation in cloudiness across Costa Rica and Panama, due
in part to the narrowness of those countries' landmasses and their proximity to the equatorial trough.

3.3.2 Diurnal Variations. In general, cloud cover is least at night and in the morning, increasing
K during the day until early evening. This tendency is not strongly defined, however, and local influences

often override the general pattern. Only in the southern parts of Nicaragua, Costa Rica, and Panama is
this diurnal trend well established, but even then only during the dry season. In the dry season, areas
along 'these Caribbean coasts have 6/10 or more cloud cover only 40 percent of the time at night, and 80
percent of the time during early afternoon. As noted earlier, the "dry" sea-son in this region has only
relative meaning.

3.3.3 Seasonal Variations. Seasonal changes in cloudiness are pronounced, and follow the same
pattern as precipitation; i.e., December-March, dry; June-October, wet; April, May, and November,
transitional. In the wet season, all of Central America is cloudy, with Panama, Costa Rica, and the
Caribbean coast of southern Nicaragua extremely so. The northern countries and western Nicaragua will
have >6/10 cloud cover bO to 95 percent of the time, the remaining areas 80 to 100 percent of the time.
The dry season shows a much greater degree of variation, with the Pacific sides of Guatemala, Honduras, El
Salvador, and Nicaragua having 6/10 cloud cover 10 to 40 percent of the time. Belize and the rest of
Honduras will experience these conditions 30 to 70 percent of the time; the Caribbean coast of Nicaragua
and south, 35 to 85 percent of the time, Clear (less than 3/10 cloud cover) conditions are rare in the
wet season, averaging only 5 to 25 percent of the time over most of Central America and only 0 to 10
percent of the time along the Caribbean coast and south. Although chances for clear conditions on this
coast during the wet season are slim, the late-night and early morning hours offer a slightly better
opportunity. During the dry season, clear conditions can be found 30 to 70 percent of the time over most
of the region, but only 5 to 50 percent of the time to the south. See Charts A-32 through A-39, Tables B-
16 and B-17.

3.3.4 Ceilings. In general, ceilings do not themselves present problems for airborne operations in
Central.America; i.e, rarely do low ceilings cover large geographic areas for extended periods. However,
specific events (thunderstorms, squalls, orographic effects, etc.) cause occasional low ceilings which
could become operationally significant.

Although ceilings less than 3,000 feet do occur in Central America, few stations experience them
more than half the time. The two primary regions of low ceilings are the interior mountain ranges of
Guatemala, Honduras, and Nicaragua, and the Caribbean coast from Nicaragua to Panama. Only isolated

cases of ceilings less than 1,000 feet occur at most locations, and are usually associated with
thunderstorms or heavy rain showers. This is particularly true during the afternoon and evening hours and

applies to all of Central America. In fact, ceilings below 1,000 feet occur with any regularity, only in
the mountains and in the Guatemalan interior, where stratiform clouds form as the result of nighttime
cooling. See Charts A-8 through A-15, Tables B-11, B-12, and B-13.

3.4 Visibility. Visibilities are normally good throughout Central America, at least as far as most
aviation operations are concerned. Visibilities less than 3 miles occur primarily in the mountains when
nighttime stratiform clouds envelope them. Visibilities less than I mile occur less than 5 percent of the
time in the afternoon and evening at most stations, but slightly more often in the early morning hours in

the mountains. Visibility varies greatly depending on whether it is measured on the side of a mountain
(near or in the clouds) or in the valleys below. Visibilities are of course reduced in storms, but these
are generally short-lived and restricted to the wet season. Other local factors, such as the burning off
of cane fields, restrict visibilities locally and seasonally. See Charts A-16 through A-23 and Tables B-
14 and B-15.

3.5 Surface Winds. Three primary influences combine to affect local surface winds. These
influences are the tradewinds, sea and land breezes, and mountain/valley winds. These primary controls

.. are modified (or nullified) by migratcry or mesoscale systems such as hurricanes/tropical storms,
northers, or individual thunderstorm cells. For the most part, mean wind speeds are less than 10 to 12

knots, lighter at night than during the day, and lighter in the wet season than in the dry season. From
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late evening to early morning, calm winds prevail, occurring from 50 to 90 percent of the time at most
stations. Seasonally, calm winds are at their minimum during the dry season. At some stations, this may
mean that winds are calm only 50 percent of the time rather than 70 percent.

When winds are not calm, the east-northeasterly tradewinds prevail in the Caribbean and along the
Caribbean coast. Good examples of the trades' dominance are Belize International Airport, Belize, and
Islas del Cisne, Honduras (See Table B-9). Tela, Honduras, shows an apparently strong modification of the
trades by a sea/land breeze regime. On the Pacific coast, especially on the coasts of Guatcmala and El
Salvador, the mountains effectively block the easterly trades and a sea/land breeze regime domin&tes. San
Jose, Guatemala, and Acajutla, El Salvador, are good examples. Further south, evidence of the
southwesterly monsoon winds behind the equatorial (monsoon) trough can be seen during the height of the
wet season, when the trough is at its northernmost location. Wind directions at inland locations vary
widely as they respond to local terrain features. Guatemala City, Guatemala, and San Jose, Costa Rica,

(especially San Jose) are examples of stations that show higher mean speeds, probably the result of
funneling (the "venturi effect") through mountain passes and valleys.

A squall-type phenomenon along the Pacific coast, referred to locally as the "Chubasco," occurs
during the wet season. Strong, gusty thunderstorm-associated winds, sometimes exceeding gale force, form
over the coastal mountains during late afternoon and move offshore in early evening as the sea breeze
breaks and winds shift to the east-northeast. Other high winds occur in the vicinity of thunderstorms, in r
the mountains (because of the funneling effect), or when "northers" come through. See Figure 2-I and
Tables B-9 and B-10.

3.6 Thunderstorms. Thunderstorms are a frequent phenomenon across Central America during the wet
season. Surface convergence, warm water, and a hot tropical sun are primary factors for thunderstorm
development and contribute to their frequency. Terrain also plays an important role in thunderstorm
development. Terrain-induced modification of the moist on-shore flow, as well as convective activity
south of the equatorial (monsoon) trough result in numerous thunderstorm days. Many coastal locations
experience 12 to 20 thunderstorm days a month at the height of the wet season. See Figure 3-6.

There is always a high potential for thunderstorm development during the wet season. The greatest
activity is between mid-afternoon and midnight. Satellite photos, however, show that thunderstorms
continue to develop over the warm offshore waters after midnight. The photos also show a primary area for
development over the Gulf of Mosquitos on the Caribbean side of Costa Rica and Panama. There is high
potential for vertical development, and tops often extend to well over 50,000 feet. All the typical .
weather hazards associated with thunderstorms (gusty winds, lightning, turbulence, icing, etc.) are
present, along with heavy rains and localized flooding.

Under normal conditions, thunderstorms are a wet season phenomenon. During the dry season, the
strong atmospheric stability found above the tradewind inversion inhibits almost all vertical
development. The occasional frontal system that crosses Central America may provide enough instability to
produce a dry season thunderstorm. Vertical currents along the windward sides of mountains are _7
occasionally strong enough to break through the inversion and produce a thunderstorm during the dry
season.

Figure 3-6 shows the mean number of thunderstorm days by month for selected Central American
stations. As noted earlier, thunderstorms are primarily wet season phenomena except for the Caribbean
Islands and the Caribbean coast along the Nicaragua and Honduras border. The areas of heaviest activity
are the Panama Canal Zone and the Pacific coastal area from northern Nicaragua northward. The area of
lightest activity is found in the interior regions of Guatemala, Honduras, and Nicaragua. Note that the
dual thunderstorm maxima on the Pacific coast side correlate well with the dual precipitation maxima
mentioned in an earlier chapter.

3.7 Fog and Haze. In a general sense, fog is an infrequent occurrence in Central America. Most
fog that does occur is from radiational nighttime cooling in mountain valleys, a type that dissipates
rapidly with diurnal heating. During the wet season, fog may form after rainstorms in the tropical rain
forests as these rainstorms add a significant amount of moisture to air already near saturation.

Haze is common at many locations $n Central America, especially along the Caribbean coast. Major
contributing factors are the easterly trades and the ready availability of salt particulates off the
oceans. However, haze alone seldom lowers visibilities to below aircraft landing minimums. %

3.8 Other Weather Information. Other combinations of weather data that may be of interest for

specific applications are included in the appendices.

For paradrop operations, see Charts A-40 to A-47 and Tables B-8 to B-21.

For chemical operations, san Table B-22. , .

For Cloud-Free Line-of-Sight applications, see Tables B-23 and B-24. r
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-~ CHAPTER 4

Miscellaneos lnvironmental Data

4.1 Astronomical Data. Table 4-1 gives general astronomical data for 10 and 15 degrees north

-latitude. These data do not take terrain into account; consult current, detailed astronomical tables for
precise values. Central America's longest and shortest days coincide with the 21 June and 21 December
solstices, respectively. Because of its location south of 230 27' north, the sun reaches its zenith over
Central America twice: Once from mid" to late April as it travels north, and again in late August or

early September as it returns to the south.

TABLE 4-1. Hours and Minutes of Daylight, Civil Twilight, and Astronomical
Twilight at 10" aud 15" North Latitude. Data are for 17th Day of each Month.

JAN FEB MAR APR MAY JUN
1ON Daylight 11:37 11:50 12:05 12:22 12:35 12:42
Civil Twilight :22 :21 :21 :21 :22 :23
Astro Twilight 1:14 1:11 1:10 1:12 1:15 1:18

150N Daylight 11:21 11:41 12:04 12:30 12:51 13:01
Civil Twilight :23 :22 :21 :22 :23 :24
Astro Twilight 1:15 1:12 1:11 1:13 1:17 1:20

JUL AUG SEP OCT NOV DEC

100N Daylight 12:38 12:26 12:09 11:53 11:40 11:32
Civil Twilight :23 :22 :21 :21 :22 :23
Astro Twilight 1:16 1:12 1:10 1:10 1:13 1:15

150N Daylight 12:56 12:36 12:11 11:47 11:25 11:14
Civil Twilight :23 :22 :21 :22 :23 :23
Astro Twilight 1:19 1:14 1:11 1:12 1:15 1:17

4.2 Tidal Data. Tides are worth mentioning because of the significant tidal differences between

the Caribbean and Pacific sides of the isthmus. On the Caribbean side, tidal variations are very small,
j generally with only 1 to 3 foot differences between low and high. On the middle and northern Pacific

coasts, however, such as at La Union, El Salvador, and Puntaremas, Costa Rica, the difference between low
and high tide may be as much as 7 to .9 feet. At Balboa, Panama, the change can be as much as 12 to 14

feet. Consult local tide tables for exact dates, times, and locations in question.

4.3 Seismic Activity. Earthquakes are fairly common in Central America. Quakes of 5.0 or greater

on the Richter Scale have been recorded in Guatemala, Honduras, El Salvador, and Costa Rica since 1976.
Historically, earthquakes have caused more life and property losses than any other natural phenomenon in
Central America. Probably the most significant effect of seismic activity on military operations would be
the frequent quake-induced landslides that block roads and mountain passes.
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APPENDIX A

Contoured Charts

The contoured charts in this appendix were produced to show major patterns such as areas of maxima
and minima. They do not reflect mesoscale features. Users should refer to tables in Appendix B and to
detailed topographic charts for data relating to specific times or locations.

As a general rule, the surface charts presented in this appendix are for the months of February,

May, August, and November. These months were selected because February and August are centered in the dry
and wet seasons, respectively, while May and November most closely represent transitional periods. An
exception to these selections is in the precipitation charts, which are for March (the driest month),
October (the wettest month), and "Annual."

Since the mid-season months of January, April, July, and October are representative of winter,

spring, summer, and fall, respectively, they were selected for upper air chart presentations.

Specifically, charts are presented as follows:

Mean Precipitation: March, October, "Annual"

Mean Temperature: February, May, August, November

Ceiling: February, May, August, November: Hours OOZ and 12Z

Visibility: Same as ceiling

Sky Cover: Same as ceiling, but hours 06Z and 18Z

Paradrop: Same as ceiling

Relative Humidity: Same as ceiling

Mean Upper Air Circulation: Winter, Spring, Summer, F;.Il, (January, April, July, October)
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APPENDIX B
,Kpanded Data Tables

This appendix contains expanded data tables for a number of climatic variables. Most (but not all)
tables contain data for all 12 months, and for the hours of OOZ, 06Z, 12Z, and 18Z. Country names are
abbreviated as follows:

BZ Belize
CS Costa Rica

ES El Salvador
GU Guatemala
HO Honduras
NK Nicaragua
PM Panama

In assembling these tables, station-to-station and year-to-year data availability ranged from poor
to excellent. Hourly surface observations, when available, were taken from the USAF Environmental

Technical Applications Center (USAFETAC) DATSAV data base, period of record 1973 to 1981. Total sky cover
data were obtained from the 3DNEPH data base, period of record 1977 to 1979. Summary-of-the-day data (24-
hour precipitation, extreme temperature, etc.) were obtained from numerous sources, including other
published data, foreign annuals and bulletins, satellite photographs, and raw data. Periods of record
varied with the sources.

Satellite photographs used were from USAF, Defense Meteorological Satellite Program (DMSP) film
transparencies archived for NOAA/EDIS by the University of Colorado, and the CIRES/National Snow and Ice
Data Cent ir.

All Data were quality-controlled by manual or automated procedures. They were then summarized for
presentation in a form useable by analysts. If any data were judged to be inaccurate or nonrepresentative
because of raw data scarcity, observing peculiarities, or other shortcomings, they were subjectively
altered, normalized, or deleted before inclusion in the final product. Those decisions were made by
experienced meteorologists who tried to produce the best, most comprehensive data tables possible from the
resources available to them.
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